Angle dependence of the switching field of recording media at finite temperatures J. Appl. Phys. 110, 103906 (2011) Magnetic and dielectric properties of Eu-doped BiFeO3 nanoparticles by acetic acid-assisted sol-gel method J. Appl. Phys. 110, 103905 (2011) Magnetic study of the Co-MCM-41 catalyst: Before and after reaction J. Appl. Phys. 110, 103904 (2011) Additional information on J. Appl. Phys. Deformation leads to a hardening of steel due to an increase in the density of dislocations and a reduction in their mobility, giving rise to a state of elevated residual stresses in the crystal lattice. In the microstructure, one observes an increase in the contribution of crystalline orientations which are unfavorable to the magnetization, as seen, for example, by a decrease in B 50 , the magnetic flux density at a field of 50 A/cm. The present study was carried out with longitudinal strips of fully processed non-oriented (NO) electrical steel, with deformations up to 70% resulting from cold rolling in the longitudinal direction. With increasing plastic deformation, the value of B 50 gradually decreases until it reaches a minimum value, where it remains even for larger deformations. On the other hand, the coercive field H c continually increases. Magnetometry results and electron backscatter diffraction results are compared and discussed.
Evolution of magnetic properties and crystallographic texture in electrical steel with large plastic deformation Deformation leads to a hardening of steel due to an increase in the density of dislocations and a reduction in their mobility, giving rise to a state of elevated residual stresses in the crystal lattice. In the microstructure, one observes an increase in the contribution of crystalline orientations which are unfavorable to the magnetization, as seen, for example, by a decrease in B 50 , the magnetic flux density at a field of 50 A/cm. The present study was carried out with longitudinal strips of fully processed non-oriented (NO) electrical steel, with deformations up to 70% resulting from cold rolling in the longitudinal direction. In this work, the magnetic and microstructural properties of electrical steel sheets are analyzed after undergoing large plastic deformations due to cold rolling. Plastic deformation leads to a worsening of the magnetic properties of electrical steel, [1] [2] [3] [4] [5] [6] where one observes an increase in magnetic losses and a reduction in permeability. Deformation leads to a work hardening of the material due to an increase in the dislocation density and a reduction in their mobility, leading to a state of elevated residual stress in the lattice. 7 This was discussed previously 8 in a direct comparison between H c and the measured hardness of deformed electrical steel and has been considered in depth by Cullity. 1 In the microstructure, one observes changes in the crystallographic texture 9 and an increase of the crystalline orientations, which are unfavorable for the magnetization, and this is reflected in a reduction in B 50 . 10 The value of B 50 , the magnetic flux density at a field of 50 A/cm, can be regarded as a measure of crystallographic texture favorable to higher magnetization values. 11, 12 The dislocations give rise to pinning of the domain walls during the magnetization process and their movement is restricted until the magnetic field reaches a certain critical value. The coercive field H c increases with deformation since the dislocations make wall movement more difficult. 
II. EXPERIMENT
Samples were prepared by cold rolling strips of fully processed NO electrical steel to various thickness reductions until small cracks began to appear. Strips of approximately 3 cm in width and 10 cm in length were then cut out. In Table I some of the principal characteristics of the steel are given.
In order to obtain greater resolution, the thickness of each sample was determined from values of the length, width, mass, and density. The deformation of the strips was quantified in terms of the thickness reduction r esp %, calculated from the values of the initial (e 0 )and final (e) thicknesses using
The magnetic characterization for static fields was carried out with a single-sheet tester installed in a Brockhaus MPG-100D system equipped with a fluxmeter. The hysteresis loss P h and the coercive field H c were measured for a maximum induction of 1.5 T under quasistatic conditions, whereas the induction B 50 was obtained with a magnetic field of 5000 A/m at 60 Hz. Small pieces of the samples were set in bakelite and reduced to half-thickness by grinding. Afterward the samples underwent a metallographic polishing with diamond paste and a final polish with colloidal silica. Crystallographic texture was obtained in a FEI/Quanta 200 scanning electron microscope (SEM) equipped with an electron backscatter diffraction (EBSD)/TexSEM Laboratories (TSL) system and software OIM Analysis version 4.51. A typical OIM (orientation imaging microscopy), obtained from a combination of images from three different regions, is shown in Fig.  1 . The "good-point" ratio before performing the clean-up database operation was greater than 99%. The clean-up operation applied to the EBSD data was "grain dilation" with a tolerance angle of 5 and minimum grain size of 2 mm. These measurements were used to calculate the volume fraction (VF) of the c fiber represented by: 13 Table II contains the results obtained for the magnetic characterizations as well as the volume fractions calculated from the EBSD data.
III. RESULTS AND DISCUSSION
The graph of Fig. 2 shows H c increasing continually as the deformation increases, indicating that H c is strongly influenced by the number of dislocations present in the material. The hysteresis loss P h increases with the deformation as expected, and follows the H c behavior.
In Fig. 3 B 50 is reduced to a small value with deformation and remains at that level despite the fact that the deformation continues to increase. The deformation leads to the rotation of the crystalline orientations in the steel, leading to an increase in the c fiber. In Fig. 4 , to facilitate a comparison, there is a plot of the inverse of the VF of the c fiber versus deformation showing that for r esp %!48, VF À1 also stabilizes. From the results obtained in this material, one verifies that after a certain value of the deformation, the volume fraction of the c fiber no longer changes with deformation. However, the material is still able to accommodate a deformation through an increase in the density of dislocations and their movement. Comparing the behavior of B 50 and VF À1 in Fig. 4 , one observes that the plateaus begin as of the same value of deformation, consolidating the notion of a strong relationship between B 50 and the texture of the material.
IV. CONCLUSION
The worsening of magnetic properties with deformation of the sample is correlated with the development of B 50 , and is associated with the behavior of the c fiber volume fraction. For large deformations this volume fraction stops increasing at r esp %¼48, at a maximum value, and this effect is reproduced in the values of B 50 . The deformation causes an increase in dislocation density and movement, which will pin the domain walls during magnetization of the material. The dislocations hinder domain wall movement, and this is associated with a continuous increase of H c , even for deformations greater than r esp %¼48. We conclude that the effect of crystallographic texture on the magnetic properties is present up to a maximum strain, whereas the dislocations and their movement always affect the magnetic properties.
